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(54) Light emitting device and method of manufacturing the same 



(57) A light emitting device is provided which has a 
structure for lowering energy barriers at interfaces be- 
tween layers of a laminate organic compound layer. A 
mixed layer (105) composed of a material that consti- 
tutes an organic compound layer (1) (102) and a mate- 



rial that constitutes an organic compound layer (2) (103) 
is formed at the interface between the organic com- 
pound layer (1) (102) and the organic compound layer 
(2) (1 03). The energy barrier formed between the organ- 
ic compound layer (1) (102) and the organic compound 
layer (2) (103) thus can be lowered. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the invention 
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10011] On the other hand^n the single hetero structure (two-layer structure) as in Reference . 1 1 is 
rons injected from the cathode are blocked at the interface between the hole transporting layer and he *fnM» 
porting light emitting layer and trapped in the electron transporting light emitting layer. Recombina .on of the earner 
Cakes Place in L electron transporting light emitting layer with high efficiency resulting in 
s 0012] Expanding this idea of carrier blocking function, it is possible to control the cm n«M " J*™ * 
L an example, there is a report of success in making a hole transporting layer to emit light by inserting a layer that 
canWockholes(holeblockingIayer)between the hole transporti 

the holes in the hole transporting layer. (Reference 2: Yasunori KIJIMA. Nobutosh. ASAI and Sh.n-ich.ro TAMURA, A 
Sto^ricUah^rfS Diode- Japanese Journal of Applied Physics, vol. 38, 5274-5277 (1 999)). A hole blocking 
to £S ioi 'a material's shown in Reference 2 has an excitation energy higher than that of a light emitt.ng layer 
and therefore also prevents molecular excitons from diffusing. .. ne 
[0013] Itcanbesaidthattheorganiclightemittinge^ 

n which the hole transporting layer is assigned to transport holes and the electron ^^S^S s 
assioned to transport electrons and emit light. The idea of separating funct.ons has been expanded until a method is 
inShree types of functions* hole transportation, electron transportation, and c - 
Sucted by three different materials. With this method, a material that scores poorly ,n earner transportation but ,s high 
In light emission efficiency can be used as a light emitting material and the light em.ssion effic.ency of the organic light 

emitting element is accordingly improved. „ ... , e a w«-ei„u» =>nH r h rhen 

[0014] The typical method thereof is pigment doping (Reference 3: C. W. Tang S. A. VanSlyke, an C. K Chen 
■Electroluminescence of doped organic thin films", Journal of Applied Physics, vol. 65, no. 9 3610-3616, OWJMj 
shSn Fig 13A, in a single hetero structure provided with a hole transporting layer 1 1 01 and an electron transporting 
S 02 ( 102 also se "es as a light emitting layer), the electron transporting layer 1102 is doped with , . > pigment 
tS to give emitted light the color of the pigment 1103. The hole transporting layer 11 01 side may .nstead be doped 

25 Kntta'suo this, there is a double hetero structure (three-layer structure) in which a light 

sandwiched between a hole transporting layer and an electron transporting layer as shown .n F,g. ^T^J; 
Chihava ADACHI Shizuo TOKITO, Tetsuo TSUTSUI and Shogo SAITO, "Electroluminescence in Organic Films with 
?h X^cl St ucture", Japanese Journal of Applied Physics, Vol. 27, No. 2, L269-L271 (1988)). 
holes are injected from the hole transporting layer 1101 to a light emitting layer 1104 and electrons are .n ected from 
an electron ransporting layer 1102 to the light emitting layer 1104. Therefore, recombinat.on of the camera t akes place 
f the Haht emitting layer 1104 and light with the color of the material used as the light emitting layer 1104 .8 emitted. 
0016 A Stage of separating functions is an increased degree of freedom in molecule design and the l.ke since 
S separafenTfunclns saves one organic material from bearing various functions (such as light em.ss.on, earner 

ansportC 

he Sort to find a bipolar material unnecessary). In other words, high light emission effic.ency can eas, *b»ob»nrt 
bysimplycombiningamaterialexcellent in light emission characteristic with a matenal excellent .ncarnertransportation 

S% Because of these advantages, the idea itself of laminate structure described in References 1 to 4 (carrier 
blockina function or separation of functions) continues to be utilized widely. 
<o Soi8 ] Howlr, theLinate structures as described above are joining different substances and thus « ^ Uvoid 
energy barriers formed at interfaces. The energy barriers block movement of camera at the interfaces and raise the 

SSTSiS!^ that the energy barriers are pullback in further lowering drive voltage. In fact, a report says 
hat as for current organic light emitting element, an element with a single layer structure us.ng a conjugate system 
pol mer is sZ*r i'terms of drive voltage to an element with a laminate structure and hold the top data ^.n power 
efficiency (unk: lm/w) (note that comparison made in the report is for light emission from smglet «M»d the 
report does not deal with light emission from triplet excitation) (Reference 5: Tetsuo Tsu s u, "Journa, , of Organ, Mo- 
lecular Electronics and Bioelectronics Division of The Japan Society of Applied Physics vol. 11, no. 1, p. 8 (2000)). 
0020] The conjugate system polymers mentioned in Reference 5 are bipolar materials and can provide the same 
eve. of carrier recombination efficiency as the materials in the laminate structures. Therefore, the drive . vottage s 
actually lower in the single layer structure that has less interfaces than in the laminate 

structure can provide the same level of carrier recombination efficiency by using a bipolar material orby other methods 

without using the laminate structure. . . 

[0021] For example, drive voltage can be lowered by inserting a material that can lower an energy barrier at the 

Ken?h?NCayama Akira Yokoi, Hitoshi Nakada, and Masami Tsuchida, "Organic EL Cells Using Alkaline Metal Com- 
pounds as Electron Injection Materials", IEEE TRANSACTIONS ON ELECTRON DEVICES, vol. 44 '. n0 J^.' ^ 
0997)). In Reference 6, drive voltage has successfully been lowered by using LiC* for an electron .njection layer. 



30 



35 



45 



50 



55 



4 



EP 1 220 339 A2 



10 



15 



20 



25 



30 



35 



SJg e"Ln, in Otoe, «o*. .he (Lnanc « loured hy MM cwkr l**n and the .esdlun, ac»m U la»n 
?00M%tl~dghlhe.eS^^^^ 

ac driving at square wave instead of dc driving (Reference /. o. m. vd.^y , Thj 

S ,ni Ln «Men the choica of maedele ..em .he standpoint .1 eepatalidn ol hancltom. tamm, on the other 
ZSnlT^Z^ of carriara end inndend. drive .ollaga and lo*a.ing ol luminanoa because there ere men, 
interfaces between many organic layers. 

SUMMARY OF THE INVENTION 

he SJTiyad « evaporation. The light emtsaien efficiency Is partculatly respomtve Id changes ,n amount 
7££iZSZ ding, end " is ddnceivatle that ,h. light anriealon effieianc, lldclda.aa between elemenle » 

iWSESSESi- * - *«- *■* — » r T,7 JSr^SSaK 
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fooV^'cotSng the above, the double hetero structure as the one in Fig. 13B W*»^^2** 
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and element lifetime. 



Sm\ "foe an object of the present invention to particularly enhance the mobility of earners by removmg 
organ c i MM in the double hetero structures that have conventionally been used and, at the same 
the ioea of separation of functions in the double hetero structures to express the respective <^°™^™^" 

»i ome nt that is lower in drive voltaqe and longer in element lifetime than conventional one. 

SST S XToCpresent invention is to provide a light emitting device ^^J^St 

andTonger in lifetime than conventional one by employing this organic light emitting element. Yet still another object 

ofthlpS 

^EEE£*«m morphology of organic interface, An organic compound film in an ^an, Nght 
emitting element is usually an amorphous film, which is formed from organ* compound molecules aggregated by 
Z££*Z forces, mainly, dipole interaction. When a hetero structure is buiit using such aggregat.cn of molecules 
hTwTvSerences in size and shapes of molecu.es could greatly influence interfaces (namely, organic interfaces) 

S la 7hl e ,altr s tructure is built using materials that have large difference in m*^-^ oanicufcr, the 
conformance in joining in organic interfaces can be poor. A conceptual diagram thereof is shown in F g. 14. n fig 14 
7!nMM4" consisting of small mo.ecu.es 1401 and a second layer 1412 consisting of large molecules 1402 are 
faJeredTn tnls case, poor Conformance regions 1414 are formed at an organic interface 1413 between the layers 1411 

mo^The ooor conformance regions 1414 shown in Fig. 14 could act as barrier (or energy barrier) that blocks 
l^Lntofcarri^ 

the energy barrier accumulate as charges and can induce lowering of luminance as described above. 

1^041 ] The other mechanism involves the process of building the laminate structure (i.e. , <^^^£ 

The organic light emitting element with the laminate structure is usually manufactured by multi-chamber type m-hne 

t^)?va^ 

rao421 The example shown in Fig. 1 5 is a conceptual diagram of evaporation apparatus for mak.ng the double hetero 
Srelhat!s c^ised of a hole transporting layer, a Hght emitting layer, and an 

fsutetrate wrth an anode (formed of. e.g., indium tin oxide (hereinafter referred to as ITO)) . brought .ntc , a oad.ng 
chambefThTsubstrate is irradiated with ultraviolet rays in a vacuum atmosphere in an ultravolet ray irrad.at.on chant 

^^MdlmbK Then the .ayers of the .aminate structure are formed. The ho.e transporting layer* .formed 
in an eviration chamber 1501 , the Hght emitting layers (red, green, and blue layers in F.g. 15 , are tonmd n e^ 
oration chambers 1502 to 1504, and the electron transporting layer is formed in an evaporation chamber 150&A 
Sode is fled b y evaporation in an evaporation chamber 1506. Lastly, sealing is conducted in a seahnS c amber 
and the substrate is taken out of an unloading chamber to obtain the organ.c light em.tt.ng element. Symbols 1511 to 

roo^r TteXCe^tion apparatus above is characterized in that different .ayers are formed by evapo- 
Sn d^renl chambers 1501 to 1 505 In other words, the apparatus is structured such that mixing of matena.s of 

the layers is avoided almost completely. .„ ahftllt 1(V 4 to m-s 

f00441 Although the pressure in the interior of the evaporation apparatus is usually reduced to about 10* to 10 
oa^a there are minute amounts of gas components (such as oxygen and water). It is said that. w.th the vacuum of 
tSg^ 

mlT Accordingly when the organic light emitting element with the laminate structure is manufactured using the 
appals Z in Fig 5 the problem is a large interval between formation of one layer and formation of another layer 
nTher^ 

impurity layer) might be formed in an interval between formation of layers, especially when the substrate .s transferred 

EST VTSEffiESfii shown in Fig. 16. In Fig. 16, an impurity layer 1613 is being formed from a 
minute amount : of impurities 1603 (such as water and oxygen) between a first layer 1611 formed of a first organic 
compound 1601 an! Ta'second.ayer 161 2 formed of a second organic compound 1602 when the second layer layered 

mM^lmS layers are formed between the layers (namely organic interfaces) in this way and, serve as impurity 
regtonstSmpcarnersaftertheorganfc 

and Sdrive vo.tage. Furthermore, the presence of the impurity regions that trap earners leads to accumulation 
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of charges, and therefore lowering of luminance as described above could be induced. 

roMBl Considering such structure, the present inventors have devised a measure shown in Figs. 1B and 1D as a 
2d t the ab^e-mentioned problems. The measure is, in the case where an organ ic ^compound ayer (1 
To2 and 1 o ganic compound layer (2) 103 are layered between an anode 101 and a cathode 104 o an organic flight 
Imlttina element a structure (Fig. IB) in which a mixed layer 105 containing both the matenal that constitutes the 

°he orrcoTpound layer (1) 102 and the organic compound layer (2) 103. The structure (F,g. IB) .s a replacement 

a reaion containing both the material that constitutes the organic compound layer (1) 102 and the matenal that const. 
Si o^c compound layer (2) 103 even if its interfaces with the organic compound layer (1) 102 and wrth the 

E3 The TJSSi ^rid problems caused by organic interfaces (degraded organic interface morphology and for- 

ZS - ^t5SirSS2 interface morpho.ogy is solved is explained with reference to Fig. 20. £ 
20 fs a secSnal lw of an organic compound film composed of a region 1811. a region 1812. and . m.xed region 
?813. T reg^ n^lsists'ofsmal. molecules 1«)1. The region 

region 1813 contains both the small molecules 1801 and large molecules 1802. As .s apparent from F,g. 20. there are 

Iment as Rq 1 s 'ote manufactured, a hole transporting material is deposited on an anode by evaporat.on and, 
SSinal ^additionally deposited by coevaporation to form a first mixed region before the deposrt.on is 
^mSeted Eh ^«nS mixed regL is completed, deposition of the hole transporting material by evaporation is 
ZSE^X^W emitting material by evaporation is continued. Sequent steps.re simi ar 
to tSfs and one or two materials are continuously deposited by evaporation without forming organic interfaces unt I an 

is competed. Accordingly, there is no interval that is usua.ly present when an = .,g 
emitting element is manufactured using the evaporation apparatus as the one in F,g. 15. In short, there is no time to 

toZTTS^g the structure shown in Fig. 1 B, the energy barrier between organic layers is lowered compared 
^co^2£Z*» shown in Fig. 1 A and more carriers can be injected. Specifically^ energy ^"d diagram 
for the sSre of Fig. 1A is as shown in Fig. 1C whereas the energy band diagram for the : structure , of Fig. IB, in 
ich a SxedTay^r is provided between organic layers, is as shown in Fig. 1 D. Figs. 1 C and 1 D show 1 ha the energy 
Carrier between organic layers can be lowered by building a continuous joint structure to create a continuous energy 
chance Accordingly, drive voltage can be lowered and lowering of luminance can be prevented 
00531 r^the^ 

Hng aS a first laye'that is composed of an organic compound and a second layer that ,s composed of an 
S^m^dM from the organic compound that constitutes the first layer, and is charactenzed n ha a 
S la^r containing the organic compound that constitutes the first layer and the organic compound that constitutes 
the second layer both is provided between the first layer and the second layer. 
40 £o£] Combinations oHhe first layer and the second layer described above are shown in Table A A smg ^combi- 
nation (for example, Combination A alone) or plural combinations (for example, Combinations A and B both) out of 
Combinations A to E may be introduced. 
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r00551 If Combinations C and D are both introduced (in other words, if the light emitting layer has a mixed layer on 
Sides SZZEL light emission efficiency can further be enhanced by preventing diffusion of molecule excrtons 
fom^ed in t^e St emitting layer. Therefore the excitation energy of the light emitting layer is preferably lower than the 
Son ene gl oHhe hole Iransporting layer and lower than the excitation energy of the electron transporting layer 
fn ht case aTgn emitting materia, with poor carrier transporting ability can be used as the light «**££lo 
«ageously widen the choice of materials. The term excitation energy in this specify refers ^hm 
fnenergyteJenthehighes^ 

?oo 5 61 0le More desirably the light emitting layer is composed of a host material and a light emitting material (dopant) 
EL an Z£££mZ lower than that of the host material, so that the excitation energy of the hole ransporting 
aylrandtheexS^ 

ST ^S^SlLf exSon of the dopant from diffusing and makes the dopant to emit hght effectively. Carrier 
recombination efficiency is also enhanced if the dopant is a carrier trapping type material. 
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[00571 In the present invention described above, joining the mixed layer continuously « ^•^J^" 8 
Eretourtherenha^ 

Accordingly the present invention is characterized in that the mixed layer has concentrate grad.ent 
S The present inventors have further devised a measure to provide an organs l.ght •^<^'" «"* 
oman c interfaces of the double hetero structure are removed while making the function express on possible. A con- 
ce 9 ptu" Jagram "hereof is shown in Fig. 17. Although an anode 1702 is placed on a substrate 1701 in Fig. 17. the 
structure mav be reversed to place a cathode 1704 on the substrate. 

Smtoi* element of Fig 17, an organic compound film 1703 containing a hole transporting material, a light 
So materiaf and an e ecL transporting material is provided with a hole transporting region 1705. a light emrttmg 

material The "hght emitting region 1706 consists of a light emitting material. The electron transports region 1707 
cSsiste of n electron transporting material. As a characteristic of the present invention, the organic compound Mm 
i further provided with a first mixed region 1708 in which the hole transporting material and the l.ght emitting matenal 
JZ^TsZZ mTxed region' 709 in which the electron transporting material and the light emrtting matenal 

fdoBOWios 18 and 19 show examples of the concentration profile in the film thickness direction in the element of 
Fig 17 Shown inFi^IS i the profileLen the composition ratio of the hole transporting materia, and the l.ght e^*^^ 

material and the light emitting material in the second mixed reg.on 1709 .s y : ^ and .s const ant fig. 9 shows 
orSe when the first mixed region 1708 and the second mixed region 1709 have concentrat.cn grad.ent 
Sll The element of Fig 17 also has no organic interfaces, and therefore carriers move smoothly and drive voltage 
as w not affected ascribed above. Furthermore the element has i no pre > em , terms of 

Hoht emission efficiency because of separation of functions as in the conventional double hetero structure. 
0062] Tn ^ 

Setero junction), the structure of the present invention is what can be called a mixed ,unct,on and .t provdes an organ.c 
liaht emitting element based on a novel concept. A i aman i with 

00631 Therefore a light emitting device according to the present invention has an organ.c l.ght emitting element wrth 
San^mSotnd M*oMd between an anode and a cathode, the organic compound film conta.ns a hole 
Snsport n 33! an electron transporting material, and a light emitting material, and the ligh t em.tt.ng device is 
charSenSdTn that he organic compound film is composed of a hole transporting region, a first mixed reg.on a hght 
^r^alLr* mixed region, and an electron transporting region that are connected in te order, he M. 
Unsporting region is nearest to the anode and the electron transporting region .s ne arest *° ^ 
transporting region contains the hole transporting material, the first mixed region conta.ns both the hole tracing 
Serial and the light emitting material, the light emitting region contains the light emrtt.ng matenal, the second mixed 
region ^iTtSh th. electron transporting materia, and the light emitting material, the e.ectron transporting region 

ST Z^^^SR** region 1710 formed of a materia, that increases the number of holes 
Eed (J reSte refLd to as hole injecting materia.) may be inserted between the anode 1702 and the organs 
Sound 1 1703. Alternative.* an electron injecting region 1711 formed of a materia. 
o?2ectrons injected (hereinafter referred to as e.ectron injecting material) may be inserted be^een ^ cath°de 1704 
and the organic compound film 1703 as shown in Fig. 21B. Both the hole injecting region and the electron .nject.ng 

n injecting car e J f om an electrode to L organic compound film and therefore has effects .of smoothing movement 
the electrode to the organic compound film and avoiding accumulation of charges. However, f rom 
r s ta?dpoint oTLding formation of impurity layers as described above, the injecting matenal .s formed .nto a f.lm 
withnut nnttinn an interval before or after forming the organic compound film. 

M The oraaSlS emitting element of the present invention described above may have a light em.tt.ng reg,on 
Twhich host materSis doped with a light emitting material. Specifically, as shown in Fig. 22 an organ.c compound 
Z 0O3 conla?ns a hole transporting material, an e.ectron transporting materia., ^^^^^ 
material that serves as a host to the light emitting material, and is provided with a hole transporting reg.on 11005 a 
ml r Son 11006, and an electron transporting region 11007. The hole , transport^ JJ^S?^ 
hole transporting material. The light emitting region contains the host matenal doped with a l.ght emrtt.ng matenal 
SmfThrSon transporting region consists of the electron transporting material. This organ.c compound film .s, 

material and I the host materia, are mixed and a second mixed region 11009 in which the electron transports matenal 

IOC] 6 ^e«ast e c d h a demerit that controlling of the amount of the light emitting materia. 11012 used in 
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MM) ol trans*.** a large nunter of oamorts a not » "J^*SSf» also ••«*• in P'o«n«"9 carrier 

Utween an anode 11002 and the organ* compound Mm ^ tne organic compound film 11003. It 

of an electron injecting material may be '^J^^ region simultaneously. Shown in Fig. 

is also possible to employ both the hole ^J^^^SSZn infecting region 11 01 1 both. 
22 is an example of forming the hole .n,ect.n r jorr h 0 J° 0 ^ aniC Hg h , emitting element described above, it is partic- 
[0069] When the hole injecting region ■ prov.de ' JJ 8 ^^ Example thereof, a method may be employed in 
l u,ar.y preferable to use a material with the p J^^^JSZ acid to improve the conductivity. From 
wbioh a 6 -electron conjugate ^K^^i'^^ compound that can be formed into a film by 
the standpoint of film format.on method it "P"™" ° a halogen element such as iodine, 

wet application. Preferable Lews acd .s a compound t a c ™ a j; 9 desc above) „ „ 

[0070] When the electron injecting region ■ P£^£2R A. an example thereof, a method may be 
particularly preferable to use a materia, avrng the n ^type conduct ^ ^ ^ fc ^ ^ 

employed in which a 6 -electron connate me ° al element such as cesium, 

ductivity. Preferable Lewis base is a compound ^\^^~Sene^ discharged in returning from triplet 
• [0071] in recent years, organic light -^SS into light emission, have been attracting 
excitation to base state (hereinafter referred F. O'Brien M. A. Baldo, M. E. Thompson and 

attention because of their high light em.ss.on jcs LetterS) vol . 74 , no. 3, 

S. R. Forrest, "Improved energy '^^^uX^^^^ ^ NAKAMURA, Teruichi 
442-444 (1999)) (Reference 9: Tetsuo TSUTSUI MIYAGUCHI, "High Quantum Efficien- 
WATANABE, Taishi TSUJI, Yoshmor, ^P^^^^L Emis sive Center, Japanese Journal of Applied 
cy in Organic Light-Emitting Devices with Indium-Complex as a npiei 

higher light emission afficienoy than eonverttonal onw . _ , h „ decay 0 , ^ Minarte it about 1 70 noure 
[00731 However, according to the report ol ftelarance 9, the panel Iffl «* ay (eas0 „ (<>r 

mm the initial Itrntinano. ia sol to 500 cmf and*. . not ™ hosl ^a, lor a light omitting 

r,rrrr^sr,p~ 

the light emitting region almost completely. 
so RRIEF DESCRIP T inM QF THE DRAWINGS 
[0077] In the accompanying drawings: 

Fias 1A to 1D are diagrams illustrating a mixed layer in the present invention; 
Figs £ ano 2B are digrams illustrating concentration gradient .n a m.xed layer. 

£ 4 ^^ 
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5ST. m<™ ■— « •» — — ln an 0,oantt " 9W em "" n9 " emenl acco """ 9 " 

2T» lo 7D are diastema illuawti-s a manufactur. pcocees: 
Flos 8A lo 80 are diagrams illuatrallng a manufaclura procaa, 

Rn 11 is a sectional view illustrating a light emitting device; 

Fig 14 is a diagram showing a state of an organic interface; 
Fiq 15 is a diagram showing evaporation apparatus; 

Fiq 18 is a diagram showing the concentration profile; 
Fig 19 is a diagram showing the concentration profile; 

STa i aSarn showing the etructdr. ol an crania lis,™ emdhng element. 
Figs 29Atd29C are diagrame Ola ligmemitnngderncewiinr-rg. 

29B and 29C showing the • KM * m ^^L, a Ml emitting device that wees color Mete-. 
reran Fr, RESCRIPT ™ OF THE PREFERRFD EMBODIMENTS 

m A d»,hod a, n— dn, an ^ •» -~ — — " » — ^ " ^ 
scribed with relerence lo Fige. 2A and 2B » . evaporaton . on the anode 201 . an organic 

material that constitutes the orgamc compo und aye r M"^™ corporation is an evaporation method in which 
stitute S anorganiccompoundlayer 2)203(anorgan^ 

evaporation cells are simultaneously heated to ^^^^^Smpouni by coevaporation, the concentrations 
10081] When a mixed layer is formed using • jJ^SjJffcSS controlled. Fig. 2B shows an example of the 

ST Shown in Fig. 2B is the re.atfcn between £ ^J^S!^^ 

centration: %) and the distance from the m.xe d layer to the comjo y ds contained in tne mixe d 

202 and the organic compound layer (2) 203 that are tn coma 
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compound layer (1> 202 is nearly 100% in the : vicinity ol ^^S^^J^ lay,, (1) 202 in 
compoond lay. (!) 202. This °° 

Srrried,ay.,20n, h eo, 8 .nic r ^,y..« 

%£2£5£*Z. but numbe, o. eampte matrbedtree ., more. 

he organ* compound 1 (316) contained in the sample *»7"'<«^!^S^"nL« b)3 5 p»«kted 

an the eviration eoureee era fonned Into a aim ^ "^f^ ,„ , 0 M MM as de schbed above, 
S3. S^-X^-SS- - _n ^ - ,e mined 
layer shown in Fig. 2B. . , ^„^r (*\ dosed while the shutter (b) 315 of the sample 

compound layers such as a hole atfecang layer a hole t '1 Ur3™ dM lerUre. It a mixed ley., is 



45 element structures 
[Embodiment Mode 1] 
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S r^^mXTr^^- - - *- - * on „ 
hole injection layer 404. material that constitutes the hole transporting 

descrS aSve. At this point, the mixed layer (1) 407 may have concentrator, grad.ent. 
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light emitting layer 406. . ? , th ase of the laminate structure of the 

[0099] The light emitting , layer 406 mi 0 ^ pound forming the light emitting layer is pref- 

organic compound layer shown in Embodiment Mode V ' he or ^ c ^ . , 405 and tne material forming an 
erably lower in excitation energy than the ^^^^SZi* to the light emitting layer is improved 
electron transporting layer 408, respectively. Tr«s is because » "JJ^" « ic compound , aye r. with the 

^""mittingTaye^^ 
Se^ 

EUXXlonor^ 

[0 102] The organic light emitting ^^^^^^^ betwee " the ,ight 
faces of organic compound layers wrth a light em.tt.ns layer gJ^JJJ* ^ transporting layer) . B y 

and a hole transporting layer and the mterf a~ between the Wjjj^^ f rom the hole transportin g layer to the 

to enhance recombination of carriers in the light emitting layer. 
[Embodiment Mode 2] 

. m Em ^•^^'-»^"°^•T: i r^* 9a " 0,9an ' ! ' l9h, " 4 ™ noe *™ n, "* 

L dement structure M n™ the one tZl 2 Ta el. £w I* n*»d layer, are lourred at IMo ot 

is formed b*™ an anode 50! ,f M "f*^* 0 X anode 501 . end a hole transporting layer 505 tor 
[0106] A mixed layer (1) 507 .s formed by ^™ Jhe coevapora tion is carried out in the manner 

organfccornpound layers 

o. planting me hole. elected .,om ft. hole J£ £ « « * T^Ltlon o. the holes end 

[01 12] The organic light em.tt.ng element shown above has ^a suuci ho(e trans _ 

Les of organic compound layers <^^^ layer 509). By 

porting layer 505, and the interface betwee ^.JJ^ffi ^ holes from the hole transporting layer 505 to 
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508 are improved to enhance recomblnat.on ^T^^f^^Sanrnt Mode 2 is suitable to a case in 
[0 113] The organic light emitting '^^^^^^mm. I is not necessary to limit thereto and 
which a triplet light emission matenal ,s used m J^^^^^ singlet excitation energy is used^ 
it can also be employed when an organic pf atinum as central metal which is introduced 



[Embodiment Mode 3] 
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■ th «ter»nrp to Fia 6 in a case of manufacturing an organic light 
[0114] Embodiment Mode 3 gives a descn^ 

emittingelementwithanelements« gn jc |jght emitting element has an 

[0115] The description given in Embod.ment Mode 3* . JJ^^ ^ |ayers are forme d at interfaces 

bTSS 

is formed on the anode 601. d h b coev aporation using the matenal that 

KT/^n^ 

transporting layer 605 can he towered. ™ e ^^? i^^ri^eoe^rtayhave concentration gradient, 
layer 608 and tttornatohal to, torm^^^ 

conc«nlra«dngradicnIsimilartotherrr«edlayer(1)608.TBeeiecirwr , 

( [0 i 2 6 1 1 ]°- Afterthe electron injection layer 609 is formed by evaporation, the cathode 602 is fonmed by evaporation or 
sputtering to complete the organic light emrtt, ^ e T™ e stmcture in whicn m ixed layers are provided at inter- 
[0122] The organic light emitting interface between the hole injecting layer and 

aces between injecting layers and ^^^^^'^m layer and the electron injecting layer). 

est ssr sjssrrrsr.'--- - - °* irom a camode art a 

secure tor taking the light dot Iron, lire old. '° ''J ^"cwrtng ,d orgernric Ugh, ^mlttlrrg element becomes 
tank 1110 is set as an evaporat.on chamber ^^JTJJ with different functions, including a hole inject.ng 

L) J brought into a loading chamber. If ^"^^^^^S^^^^^^ 1 "^ 
pretreatmentchamber(althougt motshown light emitting element are subjected to 

chamber to clean the anode surface). All of themton* thaUorm tn g a 1fl1(0( may be formed ,„ a 
55 evaporation in the vacuum tank 11 1 VJ^^jSJj^ b*w forming the cathode are formed in a 

25 an unloading chamber to obtain the organic light emitting element. 
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She aingtaehatn*. type e»»^ 

o. the eaooumtank 11110). Sto- 1.^ ^^^SS^iJ ma,.,!,. 11122, and a light emitting ma- 
film that contains a hole ttanephr»ng end 11 ^^"^ <„ 0 , 9 anlo oompouno evaporation 

nasaii'ii^ti"— * 

with a shutter b 11115 closed. t » „ „ iua „ thirknaw the shutter b 11115 is opened and evaporation of 

[0131] After the light emitting region reaces to .<£. thrcknes *J£» 6 ; seco ' d mixed region is t0 have 

the host material (during formation of the light emitting J J" net) evap oration source for 

[0134] in the case where a hole injecting "^"^J^g Jfhole S region's formed by evap- 
the injecting material is set in the same vacuum ank ^ F or « ample it * no j a a transporting material 

rssssis^w^ — - - — '"° 2 - 

Formation of impurity layers is thus avoided. inipctino material the hole transporting material, 

usabt t an organic light emitting element of compounds. 
[01 36] Effective hole injecting materials are, within confines of organic ™*™«»< **> p y , , 

Ldphthalocyanine^ 

SpC" 

ophene (hereafter, PEDOT) doped with polystyrene ^^^'J^^^ p,anarizaion of the 
doped with iodine or other Lewis acid. ^ k»U compounds, 

rrmXis 

a benzene ring-nitrogen bond) (hereafter, TPD); and 

(hereafter, TAD); its derivative, namely, 4 4 -bis [N I (3 m ethyipn eny , p y amjne ^ 

4,4'-bis-[N-(1-naphthyl)-N-phenylamino]-biphenyl (hereafter, a-NPD) Also f ea a ' e ° d4 4 , 4Mris [N . (3 -meth- 
pounds, including: 4, 4', 4"-tris (N, N-diphenyl-amino)-tnphenyl amine (hereafter, TDATA), and 4, , l 
ylphenyl)-N-phenyl-amino]-triphenyl amine (hereafter, MTDATA). ExamD | es thereof include: metal com- 

, 0138] Metal complexes are often used as the e.ectroj J^J^SS^ (4-methyl-8-quino- 
plexes ^ng Puinoi^e «^ ^ Bebq) ; and bis 

sas^^ < here ^ BAiq) that is a mixed iigand compiex - ex ' 
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i- h«Pd and thiazole-based ligands such as bis [2-(2-hydroxy- 

am ples also include metal complexes *o Rafter, Zn 

pheyO-benzooxazolate] zinc (hereafter, Zn(BOX) 2 ) and b,^ 

(BTZ 2 ).ahermaterialsthatarecapableoftran^ 
luchaU^bipheny.yl)-5-(4-tert-buty.^ 

1 , 3, 4-oxadiazole-2-il] benzene (hereafter, OXD-7). tnazoie i c » , h n, 4 . (4 . e t hy ,pheyl)-1 , 2, 4-tnazole 

s ^rirrrr ?r srsrs - — -* — — 

and 8-quinolinolate-lithium (hereafter Liq) are ateo eWve _ jn addjtjon tQ tne aforemen . 

[0140] Materials effective as the light emittl " g ™f n ^ 

tioned metal complexes including ^'^^'^ 4%icyanomethylene)-2-methyl-6-(p-dimeth- 
4 4'-bis(2 2-diphenyl-vinyl)-biphenyl (hereafter, DPVB.) that is Diue^ a v t a|sQ be used and 

ASllHH-pIran (hereafter, DCM) that is ^^JS^SSL triplet light emission materials 
£ mainstream thereof are complexes with plat.num on ^"^J 13 17 , 18 . 0 ctaethyl-21H, 23H-porphynn- 
Sude tris (2-pheny.pyridine) iridium (hereafter, h(ppyfa> "d 2, 3, 7, 8, 12, 

platinum (hereafter, PtOEP). combined to constitute an organic light emitting element o 

lifetime than conventional ones can be manufactured. 
[Embodiment 1] 

preferably 10 to 30 nm. tmn^ortina layer 405 is formed. An aromatic amme-based 
formed from o-NPD to have a thickness of 30 to 60 nm. from o NpD used t0 {orm tne ho le 

(DCM), and quinacrydon can be employed. d f rQm A , or A | pc , 3 use d to form the 
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0152] Atteralloftheabovefilmsareform^ 
LisUodiment^ 



[Embodiment 2] 
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D referably10to30nm. .r^nortina laver 505 is formed. An aromatic amme-based 

mm After the hole injection layer 504 is formed a hole tra^x>rt.n9 av ^ 505 of tnis embodiment. In 

m elsuchas«-NPD,TPAC.or M TDATA c^ 

this embodiment, the hole transporting layer 505 is formed by '™ 9 505 10 nave a thickness of 10 to 

30 to 60 nm. The MTDATA film (lower layer) « . to / med .°" h ^ thickness of 5 to 20 nm. 
20 nm, and then the a-NPD film (upper layer by coevaporation, from a-NPD used 

101 57] A mixed layer (1 ) 507 is formed next. The mixed layer (1) 5 carbazole . bipnenyl (CB P) and tns (frphe- 

and an iridium complex (lr(ppy) 3 ) as the host ma ena oy »• P pre f e rably 10 to 30 nm. 

instead of an iridium complex. The '"^^^J^ffi. formed'.n this embodiment, the hole block,ng 

TO1591 On the light emitting layer 506, a hole blocwng layer a 

ayer 508 is formed from BCP to have a thickness of 10 tcr 30 nm. ecp used ^ fomi th(j nole 

K the elytron transporting layer 509 is formed emitting element is formed by 

[0162 After all of the above films are formed, a cathode ^02 °une g ^ Qf ^ orgap(C 

evaporation. In this embodiment, MgAg • ^.,^^^^^3^2 a Al - Li alloy film (an a.loy film of alummum 
, igh f emitting element. However, a A. «^^^"J^ belonging to Group 1 or 2 in the penod,c 
and lithium) or a film obtained by coevaporation of aluminum a 

r«] T T^ 

light emission material as the light emitting layer. 
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preferably 10 to 30 nm in this embodiment (1)606isform edbycoevaporation,fromcopperphthalo- 
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15 



of the mixed layer (1) 606 is preferably 1 to 10 nra . , er 605 is formed. An aromatic amine-based 

68] After the mixed layer (1) «»*^ layer 605 of this embod.ment. In 

[0172] The electron injecting layer 609 -qq j S oq «q gQ nm in thickness. 

here n this embodiment, the electron injection layer ^.^ 0 ^ icligntemWi ng element is formed by evaporat.on 
raiW After allot the above filmsareformed,acah^ 

Eembod'^^ 

20 [Embodiment 4] ^.^otp TFTs 

Kt5S« CP"*"* - «"?"? I^'XSST-' be used. A p.eeee eubetr.,. may 

to* » ln "* 7A ' ' Mse * ' S S. 1T» « Seiimenl. Dee bee. mm 901 he. . <m- 
S ox*. • *» "»*> lilm ' an) * ^TXtZ'TJ^*, rime. ™e M W of the bee. Mm 

°2l by pane,nin 9 wo e deeired ehape ■oi*^*™ LPCVO, or plasm. CVD) end then by «*e»g 
Mh ii .owt.oue elructwre through a known m o ,B0 ^*™^ aKn , , lhe rrnel c ryet.lliz.tidn, or th.mt.1 erye- 
T amorous turn to . Known oryetetlization MMI J-jr J£«»% 05 ,„ MCh 25 „ 80 nm in tniokn^e 

™ri;. e aa^^^ 

iSde e»n L. Tne emorpnoue eUicdn Hint '» ^"fJJ ^„ ™ g ' ,".„„,.„, tor improving dt,e«nity, 

Hind,, .maun, d. impunt, element tC«™ 0 ;^S^-«m.apd M osoi.a»»,^n«» 
[01791 It laser oiystallizelion is need to form no on/staere » , fe wropna , e M use an 

Syp. eidime, layer. YAG laser, or YVO. las. «, »>>Y be Wh n u» 9 ^ me ^ 
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film 906 is an insulating film containing silicon i and tol ™^"™L. Sj = 32 . /oi 0 = 59%, N = 7%, H = 2%) with a 
150 nm. in this embodiment, a JESS^ noUimited to the si.icon oxynitride film, o, 

thickness of 110 nm is formed by pta««CVD. Je gate -ns g 
course, and may be a single layer or a ^' n **^^ 

the gate in^ 

o have a thickness of 200 to 400 nm (preferably 250 1 to 350 J ' ™ stmcture Qr a three .| a yer 

single layer or may take a laminate « 6 q ^ the group consisting of 

structure, if necessary. The heat ° f an *V ,i,m havinQ the ' ° «! 

Ta. Ti, and W, or an alloy having the above elemen teas it si n 9" • , 0(der t0 lower the resistance, the 

' combination. The heat resistant conductive ^ concentration in particular, is 

concentration of impurities contained in the layer . J^'^^Ja^ln is formed. The W film may be 
preferably 30 ppm or less. In this embodiment a W film wrth .«M ss ^ Ejther way {he w 

formed by sputtering with W as the target, or ^J^Sio^eWfflniB preferably set to 20 pflcm 
fi ,m has to be lowin resistance to use it as gate ^^^^^ V* size but, if there are too many 
or lower. The resistivity of the W film raise the resistivity. Accordingly, when 

impurity elements such as oxygen ,n the W f.lnrv c ^talhzat«on ismno ^ fe ^ ^ tQ a||ow 

heW film is formed by sputtering, a W target "f^™™ Jti have a resistivity of 9 to 20 pQcm. 
impurities in the air to mix in the W film d unn »*^^£a* «a which similarly can be formed by sputtering. 
[0183] The heat resistant conductive layer 907 may n lead be a m ^ {q ^ 

Ar is used as sputtering gas when forming a J^J^ from peeling off. The resistivity 

gas, the internal stress of the film to be formed » ^ On the other hand, the resistivity of a Ta 

of a Ta film in « phase is about 20 uflcm and hsuMb *^ \ J& f j|m in a phase can readily be obtained 

film in B Phase is about ISOj^cm and is ^^S^SJSC. crystal structure approximate to that of the « 
by forming a TaN film as a base of a Ta film because -Y ^ phosphorus (P) to 

phase Ta film. Although not shown in the drawings rt - J^SSlSII layer 907. This improves adhesion to the 
Save a thickness of about 2 to 20 nm under »he heat res J^SS fj|m and , at the same time, prevents alkaline 
conductive film formed thereon and prevents oxjdation ^ 

^nl^^^ 
' ;oir-,resistmasks908areformedusing^ 

ductei in this embodiment, an .CP etching «J^"T^ | 2 t £ptaLn«. The substrate side (sample stage) 
(1 3.56 MHZ) power of 3.2 W/cm* is given a a, pressure* 1 Pa to vo|lage fe appHed 

also receives an RF (13.56 MHZ) power ^f^J^JJJJ SJ. 0 n the basis of this etching rate, the time 

Si, -tdoping^ 
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the semiconductor layers below the ^ » the m ^ eM ** *V* vKS 

,ilm 906 through the tapered portions and the gate insula^ ^ " arsenjc (As) . He re, phosphorus (P) is 

conductivity is an element belonging to contain the impurity element that g.ves 

used. Through this ion doping, first .mpunty WJ* 4 Xo "l\ XomslcTt fi (Fig. 7C). 

the n type conductivity in a concentrat.cn of 1 x 1CP» to ]*™«*™ rea c n a unde rthe first shape conductive layers 
5«7! inti.isstep.dependingonthedoping^ 

909 to 912 so that the first impurity reg.ons 914 to 917 overia .the . nm s P gls0 us 

[0188] Next, second etching treatment is ^^SStSSSi * "° wer 0< 45 
he ICP etching device to etch at an RF power of 3.2 W/cm V™*"^ ing gas. Under these conditions, conducive 
and a pressured 1.0 Pa, while using a ^^^SSZ!S^M * ™ have ,apered P 0 * 0 "* - S 
,ayers 918 to 921 having a second shape are JT^JJS^ toward the inside. The bias power applied 

etched by about 40 nm. , element that gives the n type conductivity in a dose 

$89] Thenthesemiconductorlayersaredopedwrth^ 

Laller than in the first doping ^^^^SS^Xm first impurity regions 924 to 927 with messed 
set to 70 to 120 keV and the dose is set to 1 x 10 J^cm ^ ^ {jrst jmpunty reg|ons 924 t o 

Spurity concentration and second impurity regions 928 0 931 tha are ^ ^ ^ lay ers 

927-lnthis step, dependingon the doping condrtionte^^ 

918 to 921 so that the second impurity regions 928 to 93 1 ovenap 18 atoms/cm3 (Fig . 8A ). 

The impurity concentration in the second ««»£^j££ B 933b) and 934 (934a and 934b) having the con- 
[0190] Then as shown in Fig. 8B, ^^J^^LJi in the semiconductor layers 902 and 905 
ductivity type reverse to the one conductivity type are £S^e.y ^ an jmpu ^ e|ement that 

Ltaretoformp^hannelTFJ inthiscase^ 

aives the 0 type conductivity while using as masks the secono sn<*w Ure , 0 form n . C hannel 

Sstn?sW.ng manner. During ^J^ZZX*^^ *™ " ^ T ^ 

A s^hT^S^^^ l 9ives the p type conductivi " 

0191] When looked at more closely, the impurity ^^^^ ^^^h^el^ 
Impurityelementthatgivesthentype^ 
35 that gives the n type conductivity in a concentration £ a concentra ,ion of 1x10" to 1 x 10» 

and 934b contain the impurity element that V^^^^J^ as source regions and drain reg.ons of 

element that gives the n type conductivity jnsulating film 937 is formed on the second shape conducive 

[0192] Thereafter, as shown in Fig. 8C, a ^^^^ insula ting film 937 may be a silicon ox.de Wm a 
avers 918 to 921 and the gate .nsulat.ng film 906- The J«™™ v . combination. In either case, the f.rst 

si con oxynitride film, a silicon nitride film, or *^£™£^Tt» **— °< *. first interiayer insu- 
interlayer insulating film 937 is formed from an ■^JjJ^'J tne first mterlayer insulating film 937, plasma 
bring film 937 is 100 to 200 nm. When a silicon^ ox.de ^ '^^EOSarKlO, and setting the reaction pressure 
CVD is employed in which electric discha^e * made ^ MHZ) power density to 0* to 0.8 

to 40 Pa, the substrate temperature to 300 to 400 C .arc tne r g m ^ {orme(j by p| a CVD 

W/cm* when a silicon oxynitride film .s used fo ^t nterlaye insu g ^ ^ 

CVD from SiH 4 and NH 3 as the '^ interiayer insulating ttn. conductivities in the respective 

[0193] Then the impurity elements used in doping t ^ 9^^" her ; a | anne aling using an annealing furnace, aher 
concentrations are activated. The ^f^*^^^^ annealing (RTA). The thermal annealing is 
activation methods adoptabte ^ 
conducted in a nitrogen atmosphere witn an oxyye 
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to 7 oox, yP ica,^ 

hours. However, if a plastic substrate weak against heat .s used for the , an an(J heflt 

10194] Following the activation step the atmos phere g . ^^J^ semiconductor layers. The 
Lament is conducted at 300 to 450«C ^^^^^^SS^ 'aye* in 10« to 10" atoms/err* 
hydrogenation step is to terminate dangling ^ nd * c ° nt ^ ed ^ (using hydr0 gen that is excited by plasma) may 
using thermally excited hydrogen. ^^^^^SX £2 « * 905 is reduced deSirab,y t0 1 ° 
he employed. In either case, the ^^^^SSS^M atomic% hydrogen is given. 
atoms/cm3 or , 0 wer and, to reduce the J^'^Ji an organic insulating material to have an average 
[0195] A second interiayer ,nsulat.ng film 939 is formed nexr rom a p0 |yimideamide, and BCB 

hickness of 1 .0 to 2.0 pm. Organic resin materials ^ such as aft JJ g applied to a substrate 

(benzocyclobutene)canbeused. If poly.mide of the type ^JTldSm own at 300°C. If an acrylic is used, two- 
Is used.for example, the film is formed ^^^^J^SLn is applied to the entire surface 

[0196] When the second interiayer insulating film 939 s ^ ea d s * ce organic res in materials has low 
1 be leveled satisfactorily. Also, the parage ■■^^^^^^^ pn ^toc^ 
™ XZS^JttXZS* fi.m, or the silicon nitride fi.m, formed as the 

Uions that serve as source regions or drain re^ 
formed bydryetching.lnthiscase.am^ 

insulating fi.m 939 formed of an organic ™ ^^£^?S* in order to raise the selective ratio with 
first interiayer insulating film 937. The etching gas s further ^swrtcheo o 3 { hQ|es 

respect to Ihe semiconductor .ayers, and the gate 

[0198] Then a wiring layer 940 that is a conductive metal film .s formed W« 9 ^ respect tQ ^ 

wiring layer 940, a separation layer 941 is ^J^^^^^L of an inorganic materia, such as 

foST™^ 

drain wiring lines 946 to 948, *r^^™-^t2£*f* the drawings, the wiring fines in this 

a pixel electrode 949 (Fig. 9B). In this embodiment^ an "^ u ^'" for ( ne tranS parent electrode, 
obtained by mixing 2 to 20% of zinc oxide (ZnO ^J^e^MnQ line 923 that is electrically connected 

!rdJn h r^rrr 

is shown in Fig. 9B. Before forming the '^ZSSSS^ o g emlg element is a MgAg e.ec 

[0203] The organic compound layer 060 '^^^X^^ ^ and 3 T 

^"embodiment, copper P— ine is u^ 
hole transporting layer and the laye^^^^ 

Cr a S 
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1,e-hexanediaminato^ 
europium <m (Eu(DBM) 3 (Phen)) that ,s an Eu co mplex^be used « ^ by „ „ 

[0207] A light emitting layer tha • m r - ?£^^^ alumin um quinolilate complex (Akfe) and a benzo- 
preferable to form a hole blocking layer torn BCPin 9m ^case. An a q ^ ^ comp|ex 

quinolinolate beryllium (BeBq) may be used .nste ^T^^^ materials may also be used. 
(Alq 3 ) using as dopant Coumarin 6, qu.nacndon or the Ite. Oh a * n °™ J de . vative> N _ N .. disali . 

SSl Alight emitting 

cyliden-1 , 6-hexanediam.nato) zinc (■) ^^W^™"-^ other known materials may also be used. 
0 ; 4, 4'-bis (2, 2-diphenyl-vinyl)-biphenyl (DPVB.) ^.^^^ the hole transporting layer and the light 
[0209] in this embodiment, a mixed layer ,s formed at the "^JJJJ ^ nole transporting layer and the 
emitting layer by coevaporation of a-NPDtha^ 

above materials of the light emitting layer. It is formed. 1 , 3, 4-oxadiazole derivatives, 1 , 2, 

[0210] After the mixed layer jj^SSSSSU 'ayer. In this embodiment, a 1, 

jo^ 

80 to 200 nm (typically 100 to 150 nm) m thick ness. organic light emitting element is formed by 

[0213] After the organic «-"^J^ 1 *^^3SK hat constitutes the cathode of the organic light 
evaporation, in this embodiment, MgAg .s used for a ^ 

emittingelement.However,aAI :Lialloy ^<^j?^£SS^ may also be used. 

of aluminum and an element belong.ng to Group 1 or 2 in he « J ^ pass ivation film 952, the 

[0214] After the cathode 951 is formed the ^ moSure and oxygen. In this embodiment, a 

organic compound layer 950 and the cathode ^l^J^^^f^ 95 2. The passivation film 952 may be 

silLn nitride film with a thickness o 300 nnv ,s formed as ^ ss ^ n substrate t0 the air . 

formed continuously after the formats of the cathode 95 ^ 1 9 n R 9C . A portion 95 4 where the pixel 

Se^^ 

S nt A P— TFT^andann^e™ 
switching TFT 962 and a current controlling TFT 953 are TFTs £ ^tne p 

,he TFTs of the pixel portion can be formed on he ^~e. cjrcujt ^ fae operated 

[0217] in the case of a light «^ f ^«^^2^di«Wlon of TFTs due to hot electron is not 
by a power supply having a voltage of 5 to ™^ * Tj^ for the TFTs since the driving circuit needs to operate 
a serious problem. Also, smaller gate capacrtanc yjjjj^^ using an organic light emitting element as in 
' at high speed. Accordingly, in a driving a '«ht^ ™* JJ ™™ ^ 933b of the semiconductor layers of 

this embodiment, the second impurity >^ J^^SJ^r**-. 919, respectively. 

in Fi 9- 9C- . . . . the _ anel is S ealed and electrically connected to an external power 



[0220] 

through 3. 
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reference to Figs. 10A and 10B. amWinn Piement that has been finished up through sealing. 
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[0223] 1008 is a wiring line for sending signals that are inputted to the source side driving circuit 1001 and the gate 
side driving circuit 1003. The wiring line 1008 receives video signals and clock signals from an FPC (flexible printed 
circuit) 1010 that serves as an external input terminal. Although the FPC alone is shown here, a printed wiring board 
(PWB) may be attached to the FPC. In this specification, the term light emitting device include not only a light emitting 

5 module with FPC or PWB attached to a light emitting panel but also a light emitting module mounted with IC. 

[0224] Next, the sectional structure will be described with reference to Fig. 10B. Above a substrate 1000, the pixel 
portion 1002 and the gate side driving circuit 1003 are formed. The pixel portion 1002 is composed of a plurality of 
pixels each including a current controlling TFT 1011 and a transparent electrode 1012 that is electrically connected to 
a drain of the TFT. The gate side driving circuit 1003 is constructed using a CMOS circuit (see Fig. 9C) in which an n- 

10 channel TFT 1 01 3 and a p-channel TFT 1014 are combined. 

[0225] The transparent electrode 1012 functions as the anode of the organic light emitting element. An interlayer " 
insulating film 1006 is formed on each side of the transparent electrode 1012. On the transparent electrode 1012, an 
organic compound layer 1016 and a cathode 1017 of the organic light emitting element are formed. 
[0226] The cathode 1017 functions also as a wiring line common to the plural pixels, and is electrically connected 

15 to the FPC 1010 through a connection wiring line 1009. All elements that are included in the pixel portion 1002 and 
the gate side driving circuit 1003 are covered with a passivation film 1018. 

[0227] The cover member 1 004 is bonded by the seal member 1 005. A spacer formed of a resin film may be provided 
in order to secure the distance between the cover member 1004 and the organic light emitting element. An airtight 
space is provided inside the seal member 1005 and filled with inert gas such as nitrogen and argon. It is also effective 

20 ' to place an absorbent, typically, barium oxide, in this airtight space. 

[0228] The cover member may be glass, ceramics, plastics, or metals. However, the material of the cover member 
has to be light-transmissive when light is emitted toward the cover member side. Plastics usable as the cover member 
include FRP (fiberglass-reinforced plastics), PVF (polyvinyl fluoride), Mylar, polyester, and acrylic. 
[0229] By sealing the light emitting panel with the cover member and the seal member in the manner described 

25 above, the organic light emitting element is completely shut off to the outside and external substances that accelerates 
degradation of the organic compound layer by oxidation, such as moisture and oxygen, are prevented from entering 
the element. Accordingly, a light emitting device of high reliability can be obtained. 

[0230] The structure in this embodiment can be embodied by freely combining with any of the structures in Embod- 
iments 1 through 4. 

30 

[Embodiment 6] 

[0231 ] This embodiment shows a specific example in which the first mixed region 1 708 and the second mixed region 
1709 of the organic light emitting element shown in Fig. 17 have concentration gradient. 

35 [0232] First, ITO is formed to have a thickness of about 100 nm by sputtering to form the anode 1702 on the glass 
substrate 1701. The glass substrate 1701 having the anode 1702 is brought into a vacuum tank as the one shown in 
Figs. 23A and 23B. In this embodiment, four evaporation sources are necessary in order to deposit by evaporation 
four kinds of materials (three kinds of organic compounds and a metal for forming a cathode). 
[0233] First, the hole transporting region 1705 consisting solely of spiro dimer of TAD (hereinafter referred to as 

40 S-TAD) is formed to have a thickness of 30 nm at an evaporation rate of 3 A/s. Thereafter, evaporation of spiro dimer 
of DPVBi (hereinafter referred to as S-DPVBi) that is a light emitting material is started and the evaporation rate thereof 
is gradually increased. 

[0234] The evaporation rate of S-TAD is gradually reduced immediately after evaporation of S-DPVBi is started, 
whereby the first mixed region 1708 having concentration gradient is formed. The first mixed region 1708 is to have a 
45 thickness of 10 nm. The rate of change in evaporation rate of S-TAD and S-DPVBi is adjusted such that evaporation 
of S-TAD is ended and evaporation of S-DPVBi reaches a rate of 3 A/s as the formation of the first mixed region is 
completed. 

[0235] After the light emitting region 1 706 composed of S-DPVBi is formed to have a thickness of 20 nm, evaporation 
of Alq that is an electron transporting material is started and the evaporation rate thereof is gradually increased. The 

so evaporation rate of S-DPVBi is gradually reduced immediately after evaporation of Alq is started, whereby the second 
mixed region 1709 having concentration gradient is formed. The second mixed region 1709 is to have a thickness of 
10 nm. The rate of change in evaporation rate of S-DPVBi and Alq is adjusted such that evaporation of S-DPVBi is 
ended and evaporation of Alq reaches a rate of 3 A/s as the formation of the second mixed region is completed. 
[0236] Then evaporation of Alq alone is continued in order to form the electron transporting region 1 707. The region 

55 js 30 nm in thickness. Lastly, a Al : Li alloy. is deposited by evaporation to have a thickness of about 150 nm as the 
cathode. Thus completed is an organic light emitting element for emitting light of blue color, which is originated from 
S-DPVBi. 
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[Embodiment 7] 



,0»7, This emoodiment snows a sp»* .xamnje o. ,h = k , *JJ »» »^ 
IM FK* HO . termed to ^ '^^1^^?,^^".!^ «nk as th. on. srvn»n is 

L J, ths tight emitting region ,706. The ^^^^^^^^^ro. S *». in other 

ISSSTustJ, an Al Li ,1k, is deposked by evaporation to have a thickness of about 1 50 nr. ^ 
SttS 0,1! 'i. etement to, en«tg W °< «■»» «*>■ ** 15 "™ ** 

[Embodiments] 

I0 243] This embodiment shows a specific exampie of the organic 

0244 First, .TO is formed to have a thickness of about 100 nm * J^^^SSSk « the one sLn 

seven kinds of materials (five kinds of organic a thickness of 20 nm, thereby 

[0245] First, CuPC as a hole mject.on evaporation of CuPC, without an 

[0246] After the hole transporting region 11005 cons* ^"W* "^^teWSjal an evaporation rate of 3 A/ 
Evaporation of A.g that is a host material 110O3 containing a-NPD 

[0247] As the first mixed region 11008* ^^^J^S nm n^icklss. At this point, the light 
tinued to form the light emrtt.ng region 11006. The as the light emitting material 11012. 

brsssr;:ss:r.:-. *-* 

coevaporation. The second mixed region is 10 nm m ; h ^ ness - . ended but eva poration of BPhen is 

[0249] As the second mixed region "^^^^ continuing evaporation of 

continued to form the electron transporting reg.on 11007 , , ron injection region is 10 nm 

BPhen, about 1 wt% of Li is added to form the electron mjection region 11011. The electron imec 

iZEhU a Al • Li alloy is deposited by evaporation to have a thickness of about 150 nm as the cathode. Thus 
SSLK « o££ S emitting element for emitting iight of red color, which ,s ongmated from DCM. 

[Embodiment 9] 

, [0251] This embodiment shows a specific example in which a triplet «. materta. is empioyed as the light 

emitting material 11012 of the organic form an ITO electrode (anode) on 
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ness of 20 nm by spin coating as the hole injecting region. Benzene is used as a solvent, and hodin d«s olved ,n 
the same solvent for the doping. After the film is formed, benzene used as a solvent is removed by heating. 
02531 The substrate having the .TO electrode thus coated with a conductive polymer matenal .s brought into . 
vacuum tank as the one shown in Figs. 23A and 23B. In this embodiment, six evaporation sources » W 
oX to deposit by evaporation six kinds of materials (five kinds of organic compounds and a metal for forming a 

SSTri*. the hole transporting region consisting solely of a-NPD is formed at an evaporation rate of 3 A/s to have 
a tMcLss o 40 nm Thereafter, while keeping the evaporation rate of a-NPD to 3 A/s, evaporation of BAIq that s a 
iSSSSi region to the light emitting material is started at an evaporation rate of 3 A/s. In other words, the first 
lixed Sn 11008 containing « NPD and' BAIq at a ratio of 1 : 1 is formed by coevaporation. The first m.xed reg.on . 

As 2 ySSS'*** 11008 is competed, evaporation of a-NPD is ended but evaporation of BAIq is 
2L no form the light emiSing region 11 006. The light emitting region is 20 nm in thickness. ^J-pomJ JjhJJ 
emitting region11006 is doped withS wt%of lr(ppy) 3 that is a triplet light em.ss.on matenal as the light emitting material 

?02561 As the light emitting region 11006 is completed, evaporation of lr(ppy)3 is ended but evaporation of BAIq is 
e confinued.M the same time, evaporation of A.q that is an electron transporting materia, parted a, anevap- 
oration rate of 3 A/s. In other words, the second mixed region 1709 containing BAIq and Alq at a ratio of 1 . 1 is formed 
by coevaporation. The second mixed region 1709 is 10 nm in thickness. a „ annratinn m aiq is 

' NU571 As the second mixed region 11009 is completed, evaporation of BAIq is ended but evaporation of Alq is 

SLdtofl^ 

ro 2 h 5 a r~ d ~ 

is a triplet light emitting element for emitting light of green color, which is originated from \t(mh 
[Embodiment 10] 

T02591 This embodiment describes a light emitting device that includes an organic light emitting element according 
M^ISE^ 24A and 24B are sectional views of an active matrix light emitting device that uses an 

may be a MOS transistor. The TFT shown as an example is a top gate TFT (planar TFT, to be specific), but a bottom 

to the outside from the substrate side. Specifically, a glass substrate, a quartz substrate, a crystal glass substrate or 
a SSS^SlZ (including a plastic film) can be used. The substrate 11201 refers to the substrate plus an insulating 
film formed on the surface of the substrate. -j JT i..-i«i™*wiii9ii 

[0262] On the substrate 11201 , a pixel portion 11211 and a driving circuit 11212 are provided. The pixel portion 11211 

SS^pixel Portion 11211 is a region for displaying an image. A plurality of pixels are placed 

and each pixel is provided with a TFT 11202 for controlling a current flowing in the organic light emitting element 

(hereinafter referred to as current controlling TFT), a pixel electrode (anode) 11203. an organic 

aTacathode11205.Althoughonlythe^^ 

a voltage applied to a gate of the current controlling TFT (hereinafter referred to as switching TFT). 

[0264? T? Current controlling TFT 11202 here is preferably a p-channel TFT. Though an * 

used instead, a p-channel TFT as the current controlling TFT is more successful in reducing ^"^""J 

the current controlling TFT is connected to the anode of the organic light emitting element as shown in Figs. 24A and 

24B. Note that, the switching TFT may be formed by either an n-channel TFT or a p-channel TFT 

[0265] A drain of the current controlling TFT 11202 is electrically connected to the pixel elect rode ^J"*" 

embodiment, a conductive material having a work function of 4.5 to 5.5 eV is used as the matenal of the ^ el ec trade 

1^203 and therefore the pixel electrode 11203 functions as the anode of the organ.c light emitting element A l.ght- 

t r S missive material, typically, indium oxide, tin oxide, zinc oxide, or a "^f^^S™ ' S 

for the pixel electrode 11203. On the pixel electrode 11203, the organic compound Mm ]™**™Z*. 

F02661 On the organic compound film 11204, the cathode 11205 is provided. The material of the cathode 11205 is 

Sbly a cTnducL material having a work function of 2.5 to 3.5 eV. Typically, the cathode 1205 ,s formed from , a 

conductive Mm containing an alkaline metal element or an alkaline-earth metal element, or from a conductive film 

confab allium, or from a laminate obtained by layering an aluminum or silver film on one of the above conductive 

films. 
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[0267] A layer composed of the pixel electrode 11203, the organic compound film 11204, and the cathode 11205 is 
covered with a protective film 11206. The protective film 11206 is provided to protect the organic light emitting element 
from oxygen and moisture. Materials usable for the protective film 11206 include silicon nitride, silicon oxynitride, alu- 
minum oxide, tantalum oxide, and carbon (specifically, diamond-like carbon). 
s [0268] Next, the driving circuit 11212 will be described. The driving circuit 11212 is a region for controlling timing of 
signals (gate signals and data signals) to be sent to the pixel portion 11211, and is provided with a shift register, a 
buffer, and a latch, as well as an analog switch (transfer gate) or level shifter. In Fig. 24A, the basic unit of these circuits 
is a CMOS circuit composed of an n-channel TFT 11207 and a p-channel TFT 11208. 

[0269] Known circuit structures can be applied to the shift register, the buffer, the latch, and the analog switch (transfer 
10 gate) or level shifter. Although the pixel portion 11 211 and the driving circuit 11212 are provided on the same substrate 
in Figs. 24A and 24B, IC or LSI may be electrically connected to the substrate instead of placing the driving circuit 
11212 on the substrate. 

[0270] The pixel electrode (anode) 11203 is electrically connected to the current controlling TFT 11202 in Figs. 24A 
and 24B but the cathode may be connected to the current controlling TFT instead. In this case, the pixel electrode is 
15 formed from the material of the cathode 1 1205 whereas the cathode is formed from the material of the pixel electrode 
(anode) 11203. The current controlling TFT in this case is preferably an n-channel TFT. 

[0271] The light emitting device shown in Fig. 24A is manufactured by a process in which formation of the pixel 
electrode 11203 precedes formation of a wiring line 11209. However, this process could roughen the surface of the 
pixel electrode 11203. The roughened surface of the pixel electrode 11203 may degrade characteristic of the organic 
20 light emitting element since it is a current-driven type element. 

[0272] Then the pixel electrode 11203 is formed after forming the wiring line 11209 to obtain a light emitting device 
shown in Fig. 24B. In this case, injection of current from the pixel electrode 11203 can be improved compared to the 
structure of Fig. 24A. 

[0273] In Figs. 24A and 24B, a forward-tapered bank structure 11210 separates the pixels placed in the pixel portion 
25 11211 from one another. If this bank structure is reverse-tapered, a contact between the bank structure and the pixel 
electrode can be avoided. An example thereof is shown in Fig. 25. 

[0274] In Fig. 25, a wiring line also serves as a separation portion, forming a wiring line and separation portion 11310. 
The shape of the wiring line and separation portion 11310 shown in Fig. 25 (namely, a structure with eaves) is obtained 
by layering a metal that constitutes the wiring line and a material lower in etch rate than the metal (a metal nitride; for 
30 example) and then etching the laminate. This shape can prevent short circuit between a cathode 11305 and a pixel 
electrode 11303 or the wiring line. Unlike a usual active matrix light emitting device, the cathode 11305 on the pixel is 
striped in the device of Fig. 25 (similar to a cathode in a passive matrix device). 

[0275] Fig. 26A shows an example in which an electrode structure effective when a conductive polymer material is 
used for a hole injection region is introduced to an active matrix light emitting device. A sectional view thereof is shown 
35 in Fig. 26A. A top view of the electrode structure in each pixel is shown in Fig. 26B. According to the illustrated structure, 
an anode in each pixel 11413 is not formed over the entire surface but is striped and slits are formed between stripes 
of a striped electrode 11403. 

[0276] When an organic compound film is directly formed on this structure, no light is emitted from the slit where the 
electrode is not present. However, the entire surface of the pixel emits light if a coat of conductive polymer 11414 is 
40 placed as shown in Fig. 26A. In other words, the conductive polymer 11414 forms a hole injection region and serves 
as an electrode at the same time. 

[0277] A merit of the light emitting device as the one in Figs. 26A and 26B is that it is not necessary to use a transparent 
material for the anode 11403. A sufficient amount of emitted light can be taken out if the aperture ratio of the slit is 80 
to 90%. Moreover, the conductive polymer 11414 forms a flat surface and therefore uniform electric field is applied to 
the organic compound film to lower the risk of breakdown. 

[0278] Figs. 27A and 27B show the exterior of the active matrix light emitting device illustrated in Fig. 24B. Fig. 27A 
is a top view thereof and Fig. 27B is a sectional view taken along the line P-P' of Fig. 27A. The symbols in Figs. 24A 
and 24B are used in Figs. 27A and 27B. 

[0279] In Fig. 27A, 1 1 501 denotes a pixel portion, 1 1 502 denotes a gate signal side driving circuit, and 1 1 503 denotes 
50 a data signal side driving circuit. Signals to be sent to the gate signal side driving circuit 11 502 and the data signal side 
driving circuit are inputted from a TAB (tape automated bonding) tape 11505 through an input wiring line 11504. Though 
not shown in the drawing, the TAB tape 11505 may be replaced by a TCP (tape carrier package) that is obtained by 
providing a TAB tape with an IC (integrated circuit). 

[0280] Denoted by 11506 is the cover member that is provided in an upper part of the light emitting device shown in 
55 Fig. 24B, and is bonded with a seal member 11507 formed of a resin. The cover member 11506 may be any material 
as long as it does not transmit oxygen and water. In this embodiment, as shown in Fig. 27B, the cover member 11506 
is composed of a plastic member 11506a and carbon films (specifically, diamond-like carbon films) 11506b and 11506c 
that are formed on the front and back of the plastic member 11506a, respectively. 
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[0281] As shown in Fig. 27B, the seal member 11507 is covered with a sealing member 11508 made of a resin so 
that the organic light emitting element is completely sealed in an airtight space 11509. The airtight space 11509 is filled 
with inert gas (typically, nitrogen gas or noble gas), a resin, or inert liquid (for example, liquid fluorocarbon typical 
example of which is perfluoro alkane). It is also effective to put an absorbent or deoxidant in the space. 
5 [0282] A polarizing plate may be provided on a display face (the face on which an image is displayed to be observed 
by a viewer) of the light emitting device shown in this embodiment. The polarizing plate has an effect of reducing 
reflection of incident light from the external to thereby prevent the display face from showing the reflection of a viewer. 
Generally, a circular polarizing plate is employed. However, it is preferable for the polarizing plate to have a structure 
with less internal reflection by adjusting the index of refraction in order to prevent light emitted from the organic corn- 
to pound film from being reflected at the polarizing plate and traveling backward. 

[0283] Any of organic light emitting elements according to the present invention can be used as the organic light 
emitting element included in the light emitting device of this embodiment. 

[Embodiment 11] 

15 

[0284] This embodiment shows an active matrix light emitting device as an example of a light emitting device that 
includes an organic light emitting element according to the present invention. Unlike Embodiment 5, in the light emitting 
device of this embodiment, light is taken out from the opposite side of a substrate on which an active element is formed 
(hereinafter referred to as upward emission). Fig. 28 is a sectional view thereof. 
20 [0285] A thin film transistor (hereinafter referred to as TFT) is used here as the active element, but the active element 
may be a MOS transistor. The TFT shown as an example is a top gate TFT (planar TFT, to be specific), but a bottom 
gate TFT (typically a reverse stagger TFT) may be used instead. 

[0286] A substrate 11 601 , a current controlling TFT 11602 that is formed in a pixel portion, and a driving circuit 11612 
of this embodiment have the same structure as those of Embodiment 5. 

25 [0287] A first electrode 11603, which is connected to a drain of the current controlling TFT 11602, is used as an 
anode in this embodiment, and therefore is formed preferably from a conductive material having a large work function. 
Typical examples of the conductive material include metals such as nickel, palladium, tungsten, gold, and silver. In this 
embodiment, the first electrode 11603 desirably does not transmit light. More desirably, the electrode is formed from 
a material that is highly reflective of light. 

30 [0288] On the first electrode 11603, an organic compound film 11604 is formed. Provided on the organic compound 
film 11604 is a second electrode 11605, which serves as a cathode in this embodiment. Accordingly, the material of 
the second electrode 11605 is desirably a conductive material having a work function of 2.5 to 3.5 eV. Typically, a 
conductive film containing an alkaline metal element or an alkaline-earth metal element, or a conductive film containing 
aluminum, or a laminate obtained by layering an aluminum or silver film on one of the above conductive films is used. 

35 However, being light-transmissive is indispensable for the material of the second electrode 11605. Therefore, when 
used for the second electrode, the metal is preferably formed into a very thin film about 20 nm in thickness. 
[0289] A layer composed of the first electrode 11603, the organic compound film 11604, and the second electrode 
11605 is covered with a protective film 11606. The protective film 11606 is provided to protect the organic light emitting 
element from oxygen and moisture. In this embodiment, any material can be used for the protective film as long as it 

40 transmits light. 

[0290] The first electrode (anode) 11603 is electrically connected to the current controlling TFT 11602 in Fig. 28 but 
the cathode may be connected to the current controlling TFT instead. In this case, the first electrode is formed from 
the material of the cathode whereas the second electrode is formed from the material of the anode. The current con- 
trolling TFT in this case is preferably an n-channel TFT. 
45 [0291] Denoted by 11607 is a cover member and is bonded with a seal member 11608 formed of a resin. The cover 
member 11607 may be any material as long as it transmits light but not oxygen and water. In this embodiment, glass 
is used. An airtight space 11609 is filled with inert gas (typically, nitrogen gas or noble gas), a resin, or inert liquid (for 
example, liquid fluorocarbon typical example of which is perfluoro alkane). It is also effective to put an absorbent or 
deoxidant in the space. 

so [0292] Signals to be sent to the gate signal side driving circuit and the data signal side driving circuit are inputted 
from a TAB (tape automated bonding) tape 1 1 61 4 through an input wiring line 1 1 61 3. Though not shown in the drawing, 
the TAB tape 11614 may be replaced by a TCP (tape carrier package) that is obtained by providing a TAB tape with 
an IC (integrated circuit). 

[0293] A polarizing plate may be provided on a display face (the face on which an image is displayed to be observed 
55 by a viewer) of the light emitting device shown in this embodiment. The polarizing plate has an effect of reducing 
reflection of incident light from the external to thereby prevent the display face from showing the reflection of a viewer. 
Generally, a circular polarizing plate is employed. However, it is preferable for the polarizing plate to have a structure 
with less internal reflection by adjusting the index of refraction in order to prevent light emitted from the organic com- 
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5 [Embodiments] 

U The deaonption «« be g,»en «* re wnee £l «_1 1. ^ « „ lmsea , M conductive Mm ,s e 

■tenure. » no* longed Iron, e Bempeeert ""J*^ "porftiun. though nutahouft in Fig. 11 , plural elope 
compound diirteiumoxide and zinc o»«*^^^^^^ 

ol anode, are .merged In ft. dimcnon r»rp.nd,cular ft ft. M*mu " » 02arti „ edKtot m..Wp.p.11.n> 

SSW£S^.«^-»"■•' ,,- * ,,,,,- 

layer 1305. „h i aU pr 1306 is formed To form the third organic compound layer of this 

l a f ilm 'with a thickness of 30 to 60 nm ^^J^TSf £ S 1306b that emits green light is obtained by 
[0301] The pixel 1 306b that emrts green light is formed I next i » P 

Ling a film with a thickness of 30 to 60 nm through ev^on o £b£» b|ue , jght isobtained by forming 

^^r, h rSl!SSSS 'ayer and the third organic compound 

[0 304] An organic light emitting *^^J^^^^ ^ ^ and ^ *" ^ " 
these organic compound layers are formed atongi grooves * ™ J d 
35 arranged to form a stripe pattern in the direction WJ^^JX , 307 are arrang ed with the direction paraHel 

"rs'r.roSei.sio^ 

40 is applied to the cathodes. . f d as a passivation film (not shown). 

[03 £] After the cathodes 1307 are formed asto «M- JJW ^ J^, described above . In this 
0307] The organic light emitting and therefore light generated by the organic 

embodiment, the lower electrodes serve as ^^^im However, the organic light emitting element may 
compound layers is emitted downward toward^ 

45 have the reverse structure and the » e ' ectr ° d J* ™117L opposite side of the substrate 1301). 
element disclosed in the present invention. 
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[Embodiment 13] 
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29B is a sectional view taken along the line P ^J*™*- . d of a p | astic material here. The plastic material, 
10312] in Fig. 29A, denoted by 11701 " "f2£^"£^ an epoxy resin, PES (polyethy.ene su.file), 
which can be used is a plate or film of ^ ma ^^^Z^Z^ naphthalate). 
PC (polycarbonate), PET (polyethylene ^J^SJ^KS. oxide film. In this embodiment, the con- 
[0313] 11702 denotes scanning hnes (anodes from a «J*"» otes data , ines (cathodes) forme d 

ductive oxide film is obtained by doping banks formed of an acrylic resin. The banks 

from a metal film, a bismuth film, .n f^^^^i^^ scannin <> ,ines 11702 & ^ *" 
function as partition walls that separate the , datahnes WJJJ^JJ Qther a , „ ht angles . Though not shown .n 

^r™Tn^ 

ape 11707. 11708 denotes a group of w,nng hnes ^^^^^J^^^^ 11703 - 
a group of wiring lines comprised of a mass of ^^^^^M by providing a TAB tape with an IC. 
Though not shown, the TAB tape 11707 may £ «J aced by TCP ^at « obtame jp^ ^ ^ ^ ^ g 
1 [0315] in Fig. 29B, 1 1710 denotes a . sea. 
member11701withthesealmember1^ 

L. Lower .ayers of the banks 11704 are narrower ^ * ^ seal me mber 11710 is shut off of the 

the data lines 11703 from one another. A ^ ® rtf^Tresin DMradertion of the organic compound film is thus prevented. 

outside air by a sealing member 11715 formed of •^J^SSS wHh the present invention, the pixel portion 

[0317] in the light emitting device banks 11704, and the organic compound 

11714 is composed of the scann.ng hnes "™>^™**™*™ by a very simple process. 

film 11713. Therefore the light emitting ^-J^ClSS^*^ an ima 9 e is displayed t0 be 

[0318] A polarizing plate may be provided on a display face ^e tace ^ ^ Qf reducmg 

ETC: 5SST-S5 2= ™ - - - o,-c «. 

S, Wudea in » *> «*»• **• °> •* «*«*"■«■ 
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emitting element that emits blue light .» tented on « «*• „ emit llght „,ving a wavelength longer 
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W . '„ tM , 3 ate torm ed. An example el e W W •"**« elemenl aC- 
' a ™» 0. .eNn, . pnn.ed *», to* - - «** — « *** 

M I/O ports the primed xlrtng „„„ . ^ wntod 

[03311 m • mennle enn»n . . F*MA. J^,^ , glte sig „ a , arte «*Wcnwl «H* and »nng al 
iortien 12102, ddata ^"J^Si » edaehed to the subsMa ««*» »>e TAB tope 

„ su bs»«..dn»»dh a ndn J .nedl, 8 n,emrt.nge,emen ^ ^ 

«*<*•• • ,■ « ««nd elements diddldSeO in » P»ed« meenden can be used 

[Embodiment 17] . emitting element is 

Kan — IpTrtalv W^ w ^.^«-^ SS -^Sr. 
digitally driven. Accordingly, fluctuation in 



25 



30 



35 



40 



45 



50 



uniform images. 



29 



^ j| EP 1 220 339 A2 

[Embodiment 18] 
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Wide viewing angle is important part xutarty jor p informat ion term.nals to employ the ngra a 

when they are looked at. Therefore rt . preterab e for po ^ appliance h n 12A 

a^&i^-K^ 

,„ audio input »nn^ . = « ^^;„, 12 ^ urtt 2703 , 

used in front or rear proiectors by emarg g w , thm uah electronic commu- 

L.,»n l« such . «. «J is «*«* <°' — » *f * ,o 

portions form text information. 
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closed in the present invention. 

[Embodiment 19] embodiments above 

=sr^~brrr=r==p=: 

being thin (unvolummous) » J**"* J installation (s pace-sav,ng). lhan 

liquid crystal displaydev^^ easjness jn viewing display addjtjon 

disp ,ay unit 12302c, the JJ^TJ^ camera is iess inconvenient 
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Sio'npo lun. 12403.. a d» W a y on. 2^^Sp»»»--^ 

anerample in this embodiment, the audio may be h0 "^'"*p. 35A l0 see a tundion ol mcniidaung the luminance 
M l ia eneoth,. to give the *• applianeee .re deed by pro- 

nt .m«ted light in edcordance with the bnghmese dl the s »™"™" 9 .„ Mon t„ess of the surroundings. A user can 

mm When liquid ctystal iWW ^"J^X £«n and light-weight, and consume loss power . 
[Embodiment 20] . . 

o?a mixed junction type and the retention capacitor 1812 As ^ ^ SQurce and the dra in of TO 

?0373 Both gates of Tr3 and Tr4 are connected with the *^ n ™ 9 ™ s0 ' urce o1 Tr2 . Furt her, the source and the 
K one is ejected with the signai line Si, the ^^^^^ to the gate of TM . Thus, the either of 
drain of Tr4. the one is connected with the source of TO the , ot her boo ^ ^ each olner . 

h e source and the drain of TO and the eit her or the so J^jJJ^ is connected with the source o TO 
03741 The source of Tr1 is connected with the power ^2^^ Ttttec0 „ I1 e<^^aplxalelecaio* 

ES the »me. Fddher. TM can ^* ^JC^KES?*. — — * ffiK 
channel type TFT and p-channel type TFT. With respeor lo tnep ' lr lhe ^ mat lite TOO 

Sr h rSK5S^».-»' PP" toth. .1^1 —»n,m«.„he»,ren,sdd,o..l 

the signal line driving circuit. 
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MgllL. can be Kept by Iktwtng «™» '^f™ * L„ e JL that rf prior organ* light .mttw 

:;:r/ro 8 ,i^^ 

«„ organic compound layer mat has . <r^*££££%£rt M cortatltalee the other organ* layer. Ths 
light source). 
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Table 1 . 


Combination 


1st layer 


2nd layer I 


A 


. hole injecting layer 


hole transporting layer 


B 


electron injecting layer 


electron transporting layer 


C 


hole transporting layer 


light emitting layer 


D 


electron transporting layer 


light emitting layer 


E 


electron transporting layer 


hole blocking layer 
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Claims 

layer and the second layer. 

a e l es ,o«am,h.s^on<llayarlromlhaWlaya.. 
3 . AW .e m Wdev W c.^aing.no, g an fc ,tgh,= m l«,ng...htan«a.^.=on.P-«gt 

the first layer and the second layer. 

fajer Lcles toward the second layer from the first layer. 
5. A light emitting device comprising an organic light emitting element comprising: 

a hole injecting layer comprising a first organic compound in contact with an anode; and 
a hole Unsporting iayer comprising a second organ, compound, 

injecting layer and the hole transporting layer. 
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6 A light emitting devicXrding to Cain, 5, wherein a concentration o, the first organic compound in the region 
JXsTwa* the hole transporting layer from the hole inject.on layer. 

7. A light emitting device comprising an organic light emitting element comprising: 

a hole injecting layer comprising a firs, organ, compounc , in contact with an anode; and 
a hole transporting layer comprising a second organic compound, 
whereinamixed layer comprising the first organic compound and second organic compound between the 
io hole injecting layer and the hole transporting layer. 

8 A light emitting device according to claim 7, wherein a concentration of the firs, organic compound in the mixed 
faje! Snestoward ,he hole transporting layer from the hole rn.ect.on layer. 

, 5 9 . A light emitting device comprising an organic light emitting element comprising: 

an electron injecting layer comprising a first organic compound in contact with a cathode; and 
an electron transporting layer comprising a second organ,c compound, 
wherein a region comprising the first organic compound and the second organic compound between the 
electron injection layer and the electron transporting layer. 
10 A light emitting device according to claim 9, wherein a concentration of thefts, organic compound in the region 
Seles toS the electron transporting layer from the electron mjectmg layer. 

11. A light emitting device comprising an organic light emitting element comprising: 

an electron injecting layer comprising a first organ* compound in contact with a cathode; and 
an electron transporting layer comprising a second orgamc compound, 
wnereinamixed layer comprising the first organic compound and the second organic compound between 
the electron injection layer and the electron transporting layer. 

^^^^^^^^^ 

13. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; and 
a hole transporting layer comprising a second orgamc compound, 
whereinaregioncomprisingthefirstorganiccompoundandthesecondorganiccompoundbetweenthelight 

emitting layer and the hole transporting layer. 
« 14 A light emitting device according to claim 13, wherein a concentration of the first organic compound in the region 

15. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; and 
a hole transporting layer comprising a second organ.c compound, 

wherein a mixed layer comprising the first organic compound and the second organic compound between 
the light emitting layer and the hole transporting layer. 
16 A light emitting device according to claim 15, wherein a concentration of the first organic compound in the mixed 
j^dSTtlrt the hole ttansporting layer from the light em.tt.ng layer. 
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17. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; and 

an electron transporting layer comprising a second organic compound, 

wherein a region comprising the first organic compound and the second organic compound between the light 
emitting layer and the electron transporting layer. 

18. A light emitting device according to claim 17, wherein a concentration of the first organic compound in the region 
declines toward the electron transporting layer from the light emitting layer. 

19. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; and 

an electron transporting layer comprising a second organic compound, 

wherein a mixed layer comprising the first organic compound and the second organic compound between 
the light emitting layer and the electron transporting layer. 

20 A light emitting device according to claim 19, wherein a concentration of the first organic compound in the mixed 
layer declines toward the electron transporting layer from the light emitting layer. 

21. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; 

a hole transporting layer comprising a second organic compound; 

an electron transporting layer comprising a third organic compound; 

a first region comprising the first organic compound and the second organic compound between the light 
emitting layer and the hole transporting layer; and ™« in n 
a second region the second organic compound and the third organic compound between the light emitting 
layer and the electron transporting layer. 

electron transporting layer from the light emitting layer. 
23. A light emitting device comprising an organic light emitting element comprising: 

a light emitting layer comprising a first organic compound; 

a hole transporting layer comprising a second organic compound; 

an electron transporting layer comprising a third organic compound; K ^, oon tho liflht 

a first mixed layer comprising the first organic compound and the second organic compound between the light 
emitting layer and the hole transporting layer; and K «w^n tho 

a second mixed layer comprising the second organic compound and the third organic compound between the 
light emitting layer and the electron transporting layer. 

24 A liaht emitting device according to claim 23, . 

wherein a first concentration of the first organic compound in the first mixed layer dechnes toward the hole 
transporting layer from the light emitting layer, and , 

wherein a second concentration of the second organic compound in the second m.xed layer decl.nes toward 
the electron transporting layer from the light emitting layer. 

25. A light emitting device according to claim 21 , wherein the difference in energy between ^^^^ 
lecular orbital and the lowest unoccupied molecular orbital of the first orgamc compound « smaNe than th defer- 
ence in energy between the highest occupied molecular orbital and the lowest unoccup,ed molecular orbrta of the 
second SWund, and is smaller than the difference in energy between the highest occup,ed molecular 
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orbital and the lowest iln^ccupied molecular orbital of the third organic compound. 

26 A light emitting device according to claim 23, wherein the difference in energy between the highest ^occupied mo- 
tecular o*tal and the lowest unoccupied molecular orbital of the first organic compound • smalle than the drffer^ 
enceTn enemy between the highest occupied molecular orbital and the lowest unoccup.ed molecular orbrtah f the 
second organic impound, and is smaller than the difference in energy between the highest occupied moiecular 
orbital and the lowest unoccupied molecular orbital of the third organic compound. 

27 ' " m Z SSXr Comprising a host materia, and a light emitting materia, that has a smaller . 

'he highest occupied mo.ecu.ar orbita. and the .owest unoccup.ed mo.ecu.ar orbrta. 

th3n ^TS£L in energy between the ^hest occupied mo.ecu.ar orbita. and the = 
molecular orbital of the light emitting material is lower than the difference in energy between the highest occupied 
moSa ortS and th Slowest unoccupied molecular orbital of the second organic matenal, and is lower than 
Z difftrence in Energy between the highest occupied molecular orbita. and the .owest unoccup.ed mo,ecu,ar 
orbital of the third organic material. 

differed energy between L highest occupied mo.ecular orbita. and the lowest unoccupied molecular orbital 

^ ^E2Sr£ in energy between the highest occupied mo.ecu.ar orbita. and 
molecular orbital of the light emitting material is lower than the difference ,n energy between the h.ghes occupied 
mo Su a oSa and the lowest unoccupied mo.ecu.ar orbita. of the second organic material, and .s ; lower than 
iTe ditferenceTn energy between the highest occupied molecular orbita. and the lowest unoccupied molecular 
orbital of the third organic material. 

29. A light emitting device according to claim 1, wherein the organic light emitting element emits light from a triplet 
excitation state. 

30. A light emitting device according to claim 3, wherein the organic light emitting element emits light from a triplet 
excitation state. 

31. A light emitting device according to claim 5, wherein the organic light emitting element emits light from a triplet 
excitation state. 

32. A light emitting device according to claim 7, wherein the organic light emitting element emits light from a triplet 
excitation state. 

33. A light emitting device according to claim 9, wherein the organic light emitting element emits light from a triplet 
excitation state. 

34. A light emitting device according to claim 11, wherein the organic light emitting element emits light from a triplet 
excitation state. 

35. A light emitting device according to claim 13, wherein the organic light emitting element emits light from a triplet 
excitation state. 

36. A light emitting device according to claim 15, wherein the organic light emitting element emits light from a triplet 
excitation state. 

37. A light emitting device according to claim 17, wherein the organic light emitting element emits light from a triplet 
excitation state. 

38. A light emitting device according to claim 19, wherein the organic light emitting element emits light from a triplet 
excitation state. 
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39. A light emitting device according to claim 21, wherein the organic light emitting element emits light from a triplet 
excitation state. 

40. A light emitting device according to claim 23, wherein the organic light emitting element emits light from a triplet 
excitation state. 

41 . An electronic appliance comprising a light emitting device according to claim 1 . 

42. An electronic appliance comprising a light emitting device according to claim 3. 

43. An electronic appliance comprising a light emitting device according to claim 5. 

44. An electronic appliance comprising a light emitting device according to claim 7. 

45. An electronic appliance comprising a light emitting device according to claim 9. 

46. An electronic appliance comprising a light emitting device according to claim 11. 

47. An electronic appliance comprising a light emitting device according to claim 13. 

48. An electronic appliance comprising a light emitting device according to claim 15. 

49. An electronic appliance comprising a light emitting device according to claim 17. 

50. An electronic appliance comprising a light emitting device according to claim 19. 

51. An electronic appliance comprising a light emitting device according to claim 21. 

52. An electronic appliance comprising a light emitting device according to claim 23. 

53. A light emitting device comprising an organic light emitting element comprising an organic compound film inter- 
posed between an anode and a cathode, m „ iarial 

whereintheorganiccompoundfilmcomprisingaholetransportingmatenaUnelectrontransportingmatenal, 

^whS 

region, a second mixed region, and an electron transporting region, that are connected m ^^^^ 
transporting region is nearest to the anode and the electron transporting region is neares to the cathode s and 

wherein the hole transporting region comprises the hole transporting matenal, the first mixed region .com- 
prises both the hole transporting material and the light emitting material, the light emitting reg.on composes Jhe 
light emitting material, the second mixed region comprises both the electron transporting matenal and the l.ght 
emitting material, the electron transporting region comprises the electron transporting material. 

54. A light emitting device comprising an organic light emitting element comprising: 

an organic compound film interposed between an anode and a cathode; 
a hole injecting region in contact with the anode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 

and a light emitting material, . .... „ miHinn 

wherein the organic compound film comprises a hole transporting region, a first mixed reg.on, a ^ 
region, a second mixed region, and an electron transporting region, that are connected ,n the order ^at the hole 
transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 
'^SSSJS hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the light emitting material, the light emitting region j»J 
light emitting material, the second mixed region comprises both the electron transporting matenal and the light 
emitting material, the electron transporting region comprises the electron transporting matenal. 

55. A light emitting device comprising an organic light emitting element comprising: 
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an organic compound film interposed between an anode and a cathode; and 
an electron injecting region in contact with the cathode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 

and a light emitting material, 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
region a second mixed region, and an electron transporting region, that are connected in the order that the hole 
transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the light emitting material, the light emitting region compnses the . 
light emitting material, the second mixed region comprises both the electron transporting matenal and the light 
emitting material, the electron transporting region comprises the electron transporting matenal. 

56. A light emitting device comprising an organic light emitting element comprising: 

an organic compound film interposed between the anode and a cathode; 
a hole injecting region in contact with the anode; and 
an electron injecting region in contact with the cathode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 

and a light emitting material, ,. . .„. 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
region a second mixed region, and an electron transporting region, that are connected in the order that the hole 
transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the light emitting material, the light emitting region compnses the 
light emitting material, the second mixed region comprises both the electron transporting material and the light 
emitting material, the electron transporting region comprises the electron transporting material. 

57. A light emitting device comprising an organic light emitting element comprising: 

an organic compound film interposed between an anode and a cathode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 
a light emitting material, and a host material to the light emitting material 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
region a second mixed region, and an electron transporting region, that are connected in the order that the hole 
transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the host material, the light emitting region comprises the host material 
doped with the light emitting material, the second mixed region comprises both the electron transporting matenal 
and the host material, the electron transporting region comprises the electron transporting material. 

58. A light emitting device comprising an organic light emitting element comprising 

an organic compound film interposed between an anode and a cathode; and 
a hole injecting region in contact with the anode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 
a light emitting material, and a host material to the light emitting material 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
region a second mixed region, and an electron transporting region, that are connected in the order that the hole 
transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the host material, the light emitting region comprises the host material 
doped with the light emitting material, the second mixed region comprises both the electron transporting material 
and the host material, the electron transporting region comprises the electron transporting material. 

59. A light emitting device comprising an organic light emitting element comprising 

an organic compound film interposed between an anode and a cathode; and 
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an electron injecting region in contact with the cathode, 
wherein the organic compound film comprising a hole transporting material, an electron transporting material, 
a light emitting material, and a host material to the light emitting material 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
5 region, a second mixed region, and an electron transporting region, that are connected in the order that the hole 

transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the host material, the light emitting region comprises the host material 
doped with the light emitting material, the second mixed region comprises both the electron transporting material 
w and the host material, the electron transporting region comprises the electron transporting material. 

60. A tight emitting device comprising an organic light emitting element comprising 

an organic compound film interposed between an anode and a cathode; 

a hole injecting region in contact with the anode; and 
15 an electron injecting region in contact with the cathode, 

wherein the organic compound film comprising a hole transporting material, an electron transporting material, 
a light emitting material, and a host material to the light emitting material 

wherein the organic compound film comprises a hole transporting region, a first mixed region, a light emitting 
region, a second mixed region, and an electron transporting region, that are connected in the order that the hole 
20 transporting region is nearest to the anode and the electron transporting region is nearest to the cathode, and 

wherein the hole transporting region comprises the hole transporting material, the first mixed region com- 
prises both the hole transporting material and the host material, the light emitting region comprises the host material 
doped with the light emitting material, the second mixed region comprises both the electron transporting material 
and the host material, the electron transporting region comprises the electron transporting material. 

25 

61. A light emitting device according to claim 54, wherein the hole injecting region comprises a conjugate system 
organic compound doped with Lewis acid. 

62. A light emitting device according to claim 56, wherein the hole injecting region comprises a conjugate system 
30 organic compound doped with Lewis acid. 

63. A light emitting device according to claim 58, wherein the hole injecting region comprises a conjugate system 
organic compound doped with Lewis acid. 

35 64. A light emitting device according to claim 60, wherein the hole injecting region comprises a conjugate system 
organic compound doped with Lewis acid. 

65. A light emitting device according to claim 61 , wherein the conjugate system organic compound is a polymeric 
compound. 

40 

66. A light emitting device according to claim 62, wherein the conjugate system organic compound is a polymeric 
compound. 

67. A light emitting device according to claim 63, wherein the conjugate system organic compound is a polymeric 
45 compound. 

68. A light emitting device according to claim 64, wherein the conjugate system organic compound is a polymeric 
compound. 

so 69. A light emitting device according to claim 61 , wherein the Lewis acid is a compound comprising a halogen element. 

70. A light emitting device according to claim 62, wherein the Lewis acid is a compound comprising a halogen element. 

71 . A light emitting device according to claim 63, wherein the Lewis acid is a compound comprising a halogen element. 

55 

72. A light emitting device according to claim 64, wherein the Lewis acid is a compound comprising a halogen element. 

73. A light emitting device according to claim 55, wherein the electron injecting region is comprises a conjugate system 
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organic compound doped with Lewis base. 

74. A light emitting device according to claim 56, wherein the electron injecting region is comprises a conjugate system 
organic compound doped with Lewis base. 

5 . 

75. A light emitting device according to claim 59, wherein the electron injecting region is comprises a conjugate system 
organic compound doped with Lewis base. 

76. A light emitting device according to claim 60, wherein the electron injecting region is comprises a conjugate system 
10 organic compound doped with Lewis base. 

77. A light emitting device according to claim 73, wherein the Lewis base is a compound comprising an alkaline metal 
element. 

15 78. A light emitting device according to claim 74, wherein the Lewis base is a compound comprising an alkaline metal 
element. 

79. A light emitting device according to claim 75, wherein the Lewis base is a compound comprising an alkaline metal 
element. 

20 

80. A light emitting device according to claim 76, wherein the Lewis base is a compound comprising an alkaline metal 
element. 

81. A light emitting device according to claim 53, wherein the organic light emitting element emits light from a triplet 
25 excitation state. 

82. A light emitting device according to claim 54, wherein the organic light emitting element emits light from a triplet 
excitation state. 

30 83. A light emitting device according to claim 55, wherein the organic light emitting element emits light from a triplet 
excitation state. 

84. A light emitting device according to claim 56, wherein the organic light emitting element emits light from a triplet 
excitation state. 

35 

85. A light emitting device according to claim 57, wherein the organic light emitting element emits light from a triplet 
excitation state. 

86. A light emitting device according to claim 58, wherein the organic light emitting element emits light from a triplet 
40 excitation state. 

87. A light emitting device according to claim 59, wherein the organic light emitting element emits light from a triplet 
excitation state. 

45 88. A light emitting device according to claim 60, wherein the organic light emitting element emits light from a triplet 
excitation state. 

89. A light emitting device according to claim 53, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

50 

90. A light emitting device according to claim 54, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

91. A light emitting device according to claim 55, wherein at least one of the first mixed region and the second mixed 
55 region has concentration gradient. 

92. A light emitting device according to claim 56, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 
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93. A light emitting device ^rding to claim 57, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

94. A light emitting device according to claim 58, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

95. A light emitting device according to claim 59, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

96. A light emitting device according to claim 60, wherein at least one of the first mixed region and the second mixed 
region has concentration gradient. 

97. An electric appliance comprising a light emitting device according to claim 53. 
15 98. An electric appliance comprising a light emitting device according to claim 54. 

99. An electric appliance comprising a light emitting device according to claim 55. 

100. An electric appliance comprising a light emitting device according to claim 56. 
101 .An electric appliance comprising a light emitting device according to claim 57. 
102.An electric appliance comprising a light emitting device according to claim 58. 

25 l03.An electric appliance comprising a light emitting device according to claim 59. 
104.An electric appliance comprising a light emitting device according to claim 60. 
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